The large family of mammalian TRP (transient receptor potential) ion channels encompasses diverse sensory functions. TRP proteins consist of six transmembrane domains, with a pore-loop motif between the fifth and sixth domains and cytosolic N-and C-termini. The intracellular strands not only interact with various proteins and lipids, but also include essential multimerization regions. This review summarizes the current knowledge of the intrinsic assembly domains that assure tetrameric TRP channel formation.
Introduction
A tetrameric structure has been demonstrated by crosslinking analysis or blue native PAGE, for the TRPV1 (TRP vanilloid 1) channel [1, 2] , and via concatamers of TRPV5 and TRPV6 proteins [3] , and is proposed for all other TRPs.
Essential assembly domains within classical TRPC (TRP canonical) and vanilloid receptor-related TRPV channels have been detected mainly in the intracellular N-terminal strand, in analogy to the voltage-gated K + channels.
Ankyrin repeat domain
One intrinsic multimerization site is the ankyrin repeat domain, which is one of the most common protein-protein interaction motifs. Its structure includes a 33-amino-acid sequence representing a highly conserved helix-turn-helix structure. The crystal structure of TRPV2 N-terminus reveals six ankyrin repeats that seem to be conserved in all other TRPV channels [4] . The ankyrin repeat domain has been demonstrated to be essential for TRPV4, TRPV5 and TRPV6 channel assembly, while TRPV2 ankyrin repeat domains lack homo-oligomerization [4] [5] [6] [7] . A dominant-negative effect of TRPV6 N-terminal fragments pointed to an involvement of the ankyrin repeat domains as interaction sites for functional channels [7] . Erler et al. [6] have narrowed the multimerization domain in TRPV6 down to the third and fifth ankyrin repeats. Moreover, point mutations or deletion of the third ankyrin repeat abolishes assembly and results in non-functional channels [6, 8] . An N-terminal fragment including the third and fourth ankyrin-like repeats was able to form homo-dimers and -trimers. Despite the close homology of TRPV6 to TRPV5 in amino acid sequence and their ability to form heteromeric channels, Chang et al. [5] highlighted the first ankyrin repeat and a C-terminal region for TRPV5 assembly. Additionally, oligomerization of TRPV4 channels is controlled by the ankyrin repeat domain, as splice variants lacking either the third and part of the fourth or the sixth ankyrin repeat are unable to interact and remain in the endoplasmic reticulum [8] . In line with this, a chimaeric channel including TRPV4 N-terminus and TRPV1 transmembrane domain and C-terminus is still able to interact with wild-type TRPV4 proteins, but not the wild-type TRPV1 [9] . In addition to the dominant role of the N-terminus of TRPV4 in channel formation, additional stabilization seems to require co-operative interaction sites located in the C-terminus and the transmembrane domains [9] . Although all TRPC and TRPV channels include various ankyrin repeats, heteromers are not arbitrarily formed, suggesting that the ankyrin repeats are able to maintain specific interactions. Indeed, Kahr et al. [7] showed that TRPV6 currents can be suppressed by a fragment including the TRPV6 ankyrin repeats, but not by the TRPC3 ankyrin repeat domain.
Coiled-coil domain
Tetramerization of TRPC4 or TRPC6 channels is mediated not only by the ankyrin repeat domain but also by a following coiled-coil motif as well as a second site comprising the pore region and part of the C-terminal tail [10] . A structurally similar located coiled-coil region has been additionally found to be essential for TRPC1 assembly and for interaction of Drosophila TRPL (TRP-like) with TRPγ [11, 12] . Melastatinrelated TRPM channels instead of the ankyrin repeat domain contain a characteristic TRPM homology region and both an N-terminal and a C-terminal coiled-coil domain. The highly conserved C-terminal coiled-coil region is 88-120 amino acids distal to the last transmembrane domain. Deletion or single point mutations within this domain abolished or suppressed TRPM8 currents. Interestingly, the coiled-coil domain is sufficient to self-assemble into tetramers for TRPM2, TRPM3 and TRPM8 and self-multimerize for all other TRPMs except TRPM1 [13] . Furthermore, deletion of a coiled-coil domain in TRPV1 abolishes channel function, and a recombinant C-terminus of TRPV1 is able to form dimers, trimers and tetramers [14] . The coiled-coil region in TRPV1 overlaps with the TRP domain, in contrast with TRPM channels.
Transmembrane domains
In addition to cytosolic interactions, tetramerization sites within the transmembrane domain are likely, but, probably owing to protein-lipid contact, are more difficult to resolve. Hellwig et al. [9] have shown that, besides a Cterminal interaction, chimaeric channels including only the transmembrane domain of TRPV1 with cytosolic N-and Ctermini of TRPV4, are still able to multimerize with wild-type TRPV1 proteins. Therefore it is tempting to speculate that cytosolic interaction sites initiate multimerization, which is further promoted by additional transmembrane domains, leading to correct pore formation and functional channels.
